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3. Progress Report. (See Instructions) 
1. (b) John F. R. Kuck, Nai-Teng Yu and Carl C. Askren "Total Sulfhydrul by 
Raman Spectroscopy in the Intact Lens of Several Species: Vibrations in the 
Nucleus and Along the Optical Axis During Aging" Exp. Eye Res. (in press). 
2. Dr. M. Bando of Tokai University (Dept. of Ophthalmology) will join my group 
in May 1981 for at least two years. His work will involve chromatography 
and electrophoresis of lens constituents, including membrane proteins. The 
isolated materials will be subject to Raman and fluorescence studies. 
3. Summary Progress Report 
(1) Objectives: 
a. The overall objectives of the project are: (i) to establish the 
structural similarities and differences between animal models and human 
lens; (ii) to identify the nature of lens protein alterations in relation 
to aging, evolution and cataract formation; (iii) to make careful 
measurements of sulfhydryl and "fluorophors" profiles in intact human 
and animal lenses, and determine their age-related changes; (iv) to 
interpret the dramatic difference found in lens aging between human 
and rat (or mouse) in terms of the three-dimensional structure of y-
crystallin; (v) to determine if the oxidation of protein sulfhydryl to 
form disulfide cross-links is involved in human senile cataract. 
b. 	Goals set for the current year: (i) to complete the -SH profile measure- 
ments on rabbit, human and chicken; (ii) to obtain the wavelength 
dependence of fluorescence spectra in aging human lenses; (iii) to apply 
the new multichannel difference Raman technique developed in this 
laboratory for revealing protein secondary and tertiary structural 
changes associated with lens aging process. 
(2) Main Scientific Findings and Their Significance: 
a. Fluorescence spectra of pigmented human (age 23-97, normal and brunescence) 
and animal (chipmunk, -1 year) lenses have been obtained with laser 
excitation at 406.7, 413.1, 454.5, 457.9, 465.8, 476.5, 488.0, 496.5, 
501.7, 514.5, 520.8, 528.7, 530.9, 568.2, 600.0, 610.0, 620.0, 630.0, 
647.1 and 676.4 nm. All the lenses examined exhibited strong and 
similar fluorescence when the excitation wavelengths are shorter than 
460 nm. However, with excitation at 568.2 nm or longer the yellow 
pigments in chipmunk lens show dramatically different emission 
properties from those in the older and brunsecent human lenses. The 
near-red and ref fluorophors which were demonstrated to be charac-
teristically elevated in human brunescence are completely absent in 
chipmunk lens. Upon excitation at 676.4 nm we observed a new fluorophor 
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in brunescence human lenses (age 35-94) with its emission maximum at 
-707 nm (far-red) which is so far the longest emission wavelength 
detected in ocular lenses. The levels of near-red, red and far-red 
fluorophors appear to parallel the accumulation of visible pigments 
in brunescence. We suggest the possibility that emission at 633, 672 
or 707 nm may be employed as an indicator'for metabolic aberrations 
in the lens and thus serve as a probe for the in vivo monitoring of 
such aberrations (see Figs. 1-3). 
(b) The sulfhydryl concentration in the central nucleus of rat and mouse 
lenses falls precipitiously with age. However, in the lenses of man 
and water buffalo the sulfhydryl decreases at a much slower rate with 
age. This difference between the two groups appear to be correlated 
with the derivation of albuminoid: in the rodents it is chielfy y-
crystallin which give rise to albuminoid while in human and bovine 
lenses albuminoid is related to a-crystallin. The sulfhydryl con-
centration profiles along the visual axis of human,rabbit and chicken 
lenses of several ages show that these species have profiles unlike 
those of rat and mouse lenses; the rabbit lens is more like the human 
lens while the chicken lens is in a class by itself due to the pre-
dominance of 6-crystallin in the nucleus and the consequent extremely 
low concentration of sulfhydryl. 
(c) Studies on intact lenses (mouse and rat) by Raman spectroscopy have 
demonstrated that y-crystallin in the central nucleus undergo almost 
complete oxidation of sulfhydryls to disulfides within 50% life ex-
pectancy. It is of interest to examine the effects of disulfide for-
mation on secondary and tertiary structures of y-crystallins in the 
intact state. Raman "amide III" band near 1240 cm" reveals secondary 
structure, while Tyr "doublet" near 840 cm -1 and a Trp ring mode at 
878 cm -1 reveal tertiary structure. Difference Raman spectra between 
young (-1 month) and old (8-12 months) lenses display 3 positive bands 
between 800-890 cm -1 but complete cancellation of "amide III" signals, 
indicating significant changes in tertiary structures but not in 
secondary structure. 
The absence of changes in secondary structure implies that all the 
S-H groups must be clustered together and/or so arranged on the 
molecular surface that intra- and inter-disulfide crossliriks are 
readily formed during normal aging without involving protein unfolding. 
The factors responsible for the marked difference in age-related be-
havior between mouse/rat and bovine/human y-crystallins are under 
investigation. ; 
(3) Research Goals in the Coming Year: (a) to develop a multichannel 
system for UV laser excited fluorescence spectra of human and animal 
lenses; (b) to measure the accumulation of non-tryptophan fluorescnce 
(excited at 363.8 nm) in rat and mouse which are grown under dark 
conditions; (c) to initiate a systematic investigation of isolated 
lens constituents by a combination of Raman and fluorescence spectro- 
scopy and (d) to measure the rate of Trp deuterium exchange in the 
nucleus of intact aging lenses. 
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The undersigned agrees to accept responsibility for the scientific 
and technical conduct of the project and for provision of required pro-
gress reports if a grant is awarded as the result of this application. 
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1. Fluorescence spectra of pigmented human(age 23-97, normal and brunescent) and 
animal(chipmunk, I yr.) lenses have been obtained with laser excitation at 
406.7, 413.1, 454.5, 457.9, 465.8, 476.5, 	488.0, 	496.5, 	501.7, 	514.5, 	520.8, 
530.9, 568.2, 600.0, 610.0, 620.0, 630.0, 647.1,and 676.4 nm. All the lenses 
examined exhibited strong and similar fluorescence when the excitation wave-
lengths are shorter than 460 nm. However, with excitation at 568.2 nm or longer 
the yellow pigments in chipmunk lens show dramatically different emission 
properties from those in the older and brunescent human lenses. 
2. The sulfhydryl concentration in the central nucleus of rat and mouse lenses 
falls precipitiously with age. However, in the lenses of man and water buffalo 
the sulfhydryl decreases at a much slower rate with age. This difference 
between the two groups appears to be correlated with the derivation of albumi-
noid: in the rodents it is chiefly Y- crystallin which gives rise to albuminoid 
while in human and bovine lenses albuminoid is related too(-crystallin. 
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